Measurements of sputtering yields and composition profiles have been carried out using backscattering spectrometry for samples of CrSi 2 on Si irradiated with 200-ke V Xe ions. When the CrSi 2 layer is thinner than the ion range, the sputtering yield ratio ofSi to Cr increases from 3. 5 for room-temperature irradiation to 65 at 290 ·c. For a thick sample, the corresponding increase is from 2.4 to 4.0. only. These changes are explained in terms of a rise in the Si surface concentration at 290 ·c. The driving force for this process seems to be the establishment of stoichiometric CrSi 2 compound. Transport ofSi to the surface is by ion mixing in the thin sample and thermal diffusion through the thick layer. In those experiments, the atomic mixing of metal layers with a silicon substrate was enhanced greatly when the irradiation was carried out at elevated temperatures. The possibility that the same processes might also affect sputtering from these silicides motivated the present investigation.
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3 ). In those experiments, the atomic mixing of metal layers with a silicon substrate was enhanced greatly when the irradiation was carried out at elevated temperatures. The possibility that the same processes might also affect sputtering from these silicides motivated the present investigation.
In this letter we present results of measurements of partial sputtering yields and compositional changes in samples of CrSi 2 sputtered by high-energy xe+ ions at room temperature and at 290 ·c.
Samples were prepared by successively vacuum-evaporating layers ofSi and Cr on Si0 2 substrates and annealing them at 500 •c to form CrSi 2 • For all samples, the amount of Si deposited was more than that needed to consume all of the Cr in the reaction, with the result that a layer ofunreacted Si remained between the silicide and the substrate. One set of samples consisted of370 A ofCrSi 2 (denoted ta) on 1000 A of Si and the other of 1800 A of CrSi 2 (denoted tb) on 580 A of Si. A 1 em X 1 em area of each sample was irradiated with 200-keV Xe+ ions to a dose of 5 X 10 16 atoms/cm 2 • These ions have a projected range of about 450 A in CrSi 2 , which is larger than ta, but -4 times less than tb. A band of carbon foil was placed in a semicircle in front of each sample to collect the sputtered material. The samples and carbon collectors were analyzed by backscattering (BS) spectrometry of 1.5-MeV 4 He+ ions. The sputtering yields ofSi and Cr were determined both from the amounts of material collected on the carbon foils (assuming axial symmetry) and from the loss of the two elements from the irradiated portions of the samples. Composition profiles were obtained from the relative heights ofSi and Cr signals in the BS spectra (for more details see Ref. 4) . Table I summarizes the sputtering yield calculations. Here the average sputtering yield of element A is defined by SA = total number of A atoms sputtered, divided by the total number of incoming ions. In all cases, data obtained from the collector and from the sample agreed to within experimental uncertainties. Figure 1 presents the Cr concentration profiles calculated from the BS spectra for the two sample configurations after sputtering. The fractional atomic concentration of Cr at the surface ( C ~r) as obtained by extrapolating these profiles to zero depth is given in Table I .
From Table I we see that the sputtering yields ratios S 5 ; /Scr increase with temperature for both sample configurations. However, the effect is very much larger in the thin sample. As the table shows, this temperature effect is due mainly to the sharp reduction of the sputtering yield of Cr.
From Fig. 1 we also see that there are major differences in the profiles of the two samples after irradiation at the same conditions. One obvious conclusion from these differences is that the large drop in Cr yield from the thin sample at the high temperature is not the result of an external cause like excessive beam heating or surface contamination (oxygen, carbon) since such an effect, if present, should influence both thin and thick samples alike. We now analyze the results and show first that our mesured surface concentrations are consistent with the notion that the sputtering process itself is temperature independent and is not responsible for the observed effects. 
, Table I ). The remaining differences can arise from several sources: ( 1) by using average sputtering yields in Eq. ( 1 ), we actually estimate the average surface composition during sputtering while C ~r is the measured final composition; (2) the depth resolution in our measurements is about 80 A, so that changes in composition on a smaller scale are smoothed out and cannot be measured accurately; (3) the sputtering probabilities and their ratio may depend (weakly 5 ) on the Xe energy. From the generally good agreement of this estimate, we conclude that the sputtering probability ratio Y 5 JYc, is constant in all the cases studied here. The inference is that the sputtering mechanism does not change significantly with temperature either.
Since all the changes in sputtering yields can be attributed to changes in surface composition, we now consider the temperature-dependent processes that determine this composition. At elevated temperatures, the bulk compositions are quite uniform. This fact indicates that chemical driving forces (formation of equilibrium phases) and the necessary atomic mobility are determining factors. A similar conclusion is reached for the ion mixing of Si and Cr bi-layers, where the intermixing rate at 270 oc is much higher than at room temperature and the mixed layer consists of polycrystalline CrSi 2 .
2 Also, the rate of mixing is thermally activated which proves that the mixing process extends in time much beyond the duration of an individual collision cascade ( ~ 10~ 12 s).n The mixing may thus be viewed as an equilibration process of a volume of excited material that surrounds the track of a penetrating particle and extends to a depth at which the density of deposited energy is appreciable. Applied to the present experiment, this means that when the ion range approaches or penetrates into the underlying silicon layer, Si is mixed into the silicide. As the mixed material relaxes to the equilibrium state appropriate to the sample temperature, this excess silicon must segregate out to grain boundaries of the CrSi 2 phase and to the surface. For the thin sample, we can estimate the amount of excess-Si in the bulk as~ 7 at . %from Fig. 1 . If the size ofCrSi 2 grains is comparable to the thickness of the layer ( ~400 A), this excess Si corresponds to a layer of ~50 A around the grains. This estimate is consistent with the measured profile (see Fig. l ) .
In electron diffraction measurements on the thin sample after irradiation at 290 °C, we find that it contains polycrystalline CrSi 2 . This result agrees with the concept of phase separation following the mixing of Si in the silicide, however, it does not supply conclusive evidence that Si precipitation to grain boundaries takes place.
For the thick sample, the amount of Si mixed into the silicide from the underlying layer is expected to be much smaller and, apparently, is just enough to compensate for the preferential sputtering of Si from the surface. The result is that the composition remains nearly stoichiometric (Fig. I) .
The fact that stoichiometric conditions are established continuously in our samples at 290 oc means that steadystate sputtering, where the ratio of sputtered atoms equals the bulk composition, can never be reached since that requires the surface to become rich in Cr (the lower sputtering probability elemene). In this respect, our results differ from previous experiments on temperature effects in sputtering. Such experiments were performed with alloys that form complete series of solid solutions (Ni-Cu, H-lo Au-Pd, 10 , AgAu 10 ). Since there are no stable compounds in these alloys, there is no driving force for maintaining uniform compositions. Indeed, steady-state sputtering could be reached in all those cases. The only effect of elevated temperature was to increase the (radiation-enhanced) diffusion coefficient and thereby also the time needed to reach steady-state and the depth of the altered layer.
In a recent study, Dumke eta!. 11 found that the sputtering yield ratio of In to Ga from the eutectic alloy increased by a factor of ~ 30 when the temperature was raised above the melting point. This rise is explained as the result of thermal segregation of In to the outermost atomic layer in the liquid. It is interesting to note that in the present work, a comparable change was observed by raising the sample temperature only to ~0.3 of the melting point. The possibility that the sputtering yield of one element in a thin compound film will be drastically reduced and a surface layer will be retained, may have an important implication for cases where sputter erosion is used to obtain depth composition profiles.
